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INTRODUCTION
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This stress analysis report for the METSAT/Advanced Microwave Sounding Unit-A (AMSU-

A), A2 module, reports the structural margins of safety and natural frequency predictions for the AMSU-A2

instrument design.

1.1 Identification

This is the stress analysis report for the METSAT/Advanced Microwave Sounding Unit-A

(AMSU-A), A2 module. This report is submitted to fulfill the requirements of Contract NAS 5-32314, CDRL

113, Stress Analysis Report, for the METSAT AMSU-A2 module

1.2 Purpose and Objectives

The purpose of this analysis is to show that the AMSU-A2 instrument exhibits positive

structural margins of safety when subjected to the loading environments specified in the PAR, GSFC S-480-

79, Appendix E.

1.3 Document Status and Schedule

This is the final submittal of the Stress Analysis Report for the AMSU-A2 instrument.
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RELATED DOCUMENTATION
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2.1 Parent Documents

None.

2.2 Applicable Documents

The following documents are referenced or applicable to this
specified, the latest issue is in effect.

National Aeronautics and Space Administration

GSFC S-480-79

Aerojet Report 10737

report.Unless otherwise

EOS/METSAT Program Performance Assurance
Requirements for General Instruments

METSAT Advanced Microwave Sounding Unit-A2 (AMSU-
A2) StructuralMathematical Model
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SUMMARY
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The METSAT/AMSU-A2 Primary Structure exhibits positive margins of safety for the design

limit load and qualification-level random vibration environments specified in GSFC S-480-79, Appendix E.

The margins of safety for the design limit load conditions are summarized in Table I. The new machined

baseplate has a minimum yield margin of safety of 1.1.

The random vibration margins of safety are summarized in Table II. The minimum yield

margin of 0.13 occurs at the compensator rotor shaft.

It was found that the RF shelf support side panel (Drawing 1333379) wall thickness had to be

increased to 0.06 inch at the lower pockets to give positive margins of safety. The rattlespace results are

summarized in Table III. The warmload/reflector had a maximum relative displacement of 0.049 inch.
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Table I

Summary Margins of Safety

Design Limit Loads

MaterialComponents

RF Shelf

(Dwg 1331086)

Front Panel 6061-T651

(Dwg 1331214)

Rear Panel, Shelf Support 6061-T651

(Dwg 1331215)

Side Panel, Shelf Support 6061-T651

(Dwg 13312217)

Side Panel, Shelf Support 6061-T651

(Dwg 1331218)

Warmload Shelf 6061-T651

(Dwg 1312222)

Side Panel, Shelf Support 6061-T651

(Dwg 1331245)

Side Panel, Shelf Support 6061-T651

(Dwg 1333379)

End Panel 6061-T651

(Dwg 1333380)

Compensator Shaft CRES 304

(Dwg 1333390) Annealed

Motor Output Shaft CRES 303

(Dwg 1333654) Annealed

Compensator Housing 6061-T651

(Dwg 1333658)

Drive Assy Housing

(Dwg 1333999)

Baseplate

(Dwg 1356968)

Circuit Cards

Card Gage
(Dwq 1331330)

Note: yield factor of safety = .25

ultimate factor of safety = 1.4

Beryllium

6061-T651

6061-T

GX Fiber-

glass

6061-T651

Allowable

(psi)

Tu Ty

47,000 35,000

42,000 36,000

42,000 36,000

42,000 36,000

42,000 36,000

42,000 36,000

42,000 36,000

42,000 36,000

42,000 36,000

85,000 35,000

85,000 35,000

42,000 36,000

42,000 36,000

42,000 36,000

40,000 24,000

42,000 36,000

Applied Stress

(psi)
Von Mises Max Prin.

1194

2397

50O5

5O05

1272

1879

3755

1988

3762

1619

594

13934

842

5523

1356

7599

2122

MoS.

Yield

22.5

2.8

11.0

M°S.

Ultimate

23.8

2.9

13.1

4059 4.8

4059 4.8

1466 21.6

1889 14.3

3540 6.7

1861 13.5

4191 6.4

1913 13.6

1616 16,8

426 47.5

14244 1.1

970 21.8

6211 4.2

6.4

6.4

19.5

14.9

7.5

15.1

13.5

30.7

17.6

69.4

1.1

28.5

3.8
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Summary Margins of Safety

Random Vibration Loading
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Components

RF Shelf

(Dwg 1331086)

Front Panel

(Dwg 1331214)

Rear Panel, Shelf Support

(Dwg 1331215)

Side Panel, Shelf Support

(Dwg 13312217)

Side Panel, Shelf Support

(Dwg 1331218)

Warrnload Shelf

(Dwg 1312222)

Side Panel, Shelf Support

(Dwg 1331245)

Side Panel, Shelf Support

(Dwg 1333379)

End Panel

(Dwg 1333380)

Compensator Shaft

(Dwg 1333390)

Motor Output Shaft

(Dwg 1333654)

Compensator Housing

(Dwg 1333658)

Baseplate

(Dwg 1356968)

Circuit Cards

Card Gage

(Dwg 1331330)

Material

Beryllium

6061-T651

6061-T651

6061-T651

6061-T651

6061-T651

6061-T651

6061-T651

6061-T651

CRES 304

Annealed

CRES 303

Annealed

6061-T651

6061-T651

GX Fiber-

glass

6061°T651

Allowable

Tu (psi) Ty (psi)

47,000 35,000

42,000 36,000

42,000 36,000

42,000 36,000

42,000 36,000

42,000 36,000

42,000 36,000

42,000 36,000

42,000 36,000

85,000 35,000

85,000 35,000

42,000 36,000

42,000 36,000

40,000 24,000

42,000 36,000

Applied Peak Stress

(psi)

8,289

1,676

2,133

7,023

5,286

11,797

5,647

21,225

2,148

24,840

10,734

4,306

13,857

3,240

10,837

i.S.

Yield

2.38

16.18

12.50

3.10

4.45

1.44

4.10

0.36

12.41

0.13

1.61

5.69

1.08

4.93

1.66

a°s,

Ultimate

3.05

16.90

13.06

3.27

4.68

1.54

4.31

0.41

12.97

1.44

4.66

5.97

1.16

7.82

1.77

Note: yield factor of safety = 1.25

ultimate factor of safety = 1.4

3-3





Table HI

Qualification Level Random Vibration

Rattlespace Summary, 3 Sigma
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Rattlespace Location
( ) = spoint ID

Warmload/Reflector

Loc. A (23658)

Warmload/Reflector

Loc. B (23659)

Warmload/Reflector

Loc. C (23660)

Secondary Housing/Reflector
Loc. D (23661)

Secondary/Housing/Reflector
Loc. E (23662)

Secondary/Housing/Reflector
Loc. D (23663)

Circuit Card

Random

X

(in.)

0.015

0.012

0.031

0.031

0.034

0.021

0.001

Vibration
Y

(in.)

0.03

0.008

0.037

0.037

0.023

0.068

0.002

Axis
Z

(in.)

0.009

0.049

0.013

0.013

0.008

0.015

0.002

Rattlespace
Clearance

(in.)

0.05

0.05

0.05

0.05

0.05

0.095

0.037

The maximum gap on the assembly drawing is 0.050 inch.

The first major structural natural frequency on the A2 instrument was found to be 104 Hz.

The momentum compensator exhibits a natural frequency of 91 Hz.
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METHOD OF ANALYSIS
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The finite element model is discussed in Aerojet Report 10737, METSAT/AMSU-A2

Structural Mathematical Model. This model includes a refined momentum compensator, a remodeled card

cage, the new machined base plate, and additional hardware weight changes (power control/monitor

assembly, motor transistor bracket, and DC/DC converter).

The model used to analyze the design limit loads is shown in Figures 1 and 2. This model

contained the original reflector model. For the random vibration analysis, the model was modified by

incorporating the COI composite reflector. This new model is shown in Figures 3 and 4. The grid point and

element identification for this reflector is presented in Appendix A. The change to the COI reflector was

made to more accurately model the reflector response. No significant weight change was made to the model

as indicated in Table IV. It should also be noted that the COI reflector was positioned in the vibration test

orientation with the aperture pointed at the warmload.

The current mass properties of the model are summarized in Table V. The weight of the

METSAT model is 107.8 pounds.

The grid points at which boundary restraints are applied are shown in Figure 5. The

restraints consist of fLxing the Z axis translations at grid points 22783 through 22793 and the X, Y axes

translations of grid points 22200 and 22458. The Z restraints are coupled to the baseplate using a scalar

spring element (CELAS 1) of 1.57 x l0 s lb/in stiffness. This is the calculated stiffness of the #10 mounting

screw and hardware.

480-79.

levels:

The design limit load requirements are specified in Appendix E, paragraph 1.2, of GSFC S-

The load factors are specified in the NOAA/METSAT coordinate system and have the following

X Axis + 19.6

Y Axis + 21.2

Z Axis + 20.6

The model uses the EOS coordinate system and therefore, the following transformation is
used:

EOS NOAA/METSAT

X Y
Y Z

Z X

The resulting eight NASTRAN load cases are summarized in Table VI.
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The qualification level random vibration loading is specified in Appendix E, paragraph 1.3,

GSFC S-480-79. The input spectrum is shown in Figure 6 and the overall GRMS level is 8.8. The analysis

will check for interference (rattlespace) at the locations shown in Figure 7. The response at points

corresponding to accelerometer test locations (Figures 8 thru 10) will be outputted along with all lump mass
locations.
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I

L

N

Figure 1 METSAT/AMSU-A2 Finite Element Model Compensator Side
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Figure 2 METSAT/AMSU-A2 Finite Element Model Front Panel Side
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!

Figure 3 METSAT/AMSU-A2 Finite Element Model COI Reflector Configuration
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Figure 4 METSAT/AMSU.A2 Finite Element Model COI Reflector Configuration
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Figure 7 Rattlespace Location
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I

Output Response Locations Front Panel And Top RF Enclosure
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Figure 9 Output Response Locations Secondary Housing
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Figure 10 Output ResponseLocations Main Reflector
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Table IV Reflector Mass Changes

Physical Property Original Reflector COl Reflector

Mass (lb.)

Center of Gravity (in.)
X
Y
Y

Principal Inertia (Ib in. sec 2)
I1
12
12

Radius of Gyration (in.)
X
Y
Z

1.372

1.613
5.28

18.944

42.1
35

32.6

5.531
5.039
4.863

1.377

1.355
5.371
18.944

51
42.4
35.3

6.099
5.557
5.071
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Table V METSAT/AMSU-A2 Model Weight

OUTPUT FROM GRID POINT WEIGHT GENERATOR

REFERENCE POINT ffi 0

M O

* 1.078183E+02 1.301056E-18 -3.510105E-18 -4.993942E-18 1.204537E+03 -i 022505E+03 *
593460E+02 *

647933E-18 *

951458E+02 *

i02775E+04 *

!06892E+04 *

* 1.301056E-!8 1.078183E+02 -1.721171E-18 -1.204537E+03 1.537999E-17 -i

* -3.510105E-18 -1.721!71E-18 1.078183E+02 1.022505E*03 1.593460E+02 -8

-4.993942E-18 -1.204527E+03 1.022505E+C3 3.385133E+04 4.949758E+03 6

* 1.204537E+03 1.537999E-!7 1.593460E+02 4.949758E+03 2.395020E+04 -i

* -I.022505E+03 -1.593460E+02 -8.647933E-18 6.951458E+02 -I.!02775E+04 2

S

* 1.000000E+00 0.000000E+00 0.000000E+00 *

* 0.000000E+00 1.000000E+00 0.000000E+00 *

* 0.000000E+00 0.000000E+00 1.000000E+0_ *

DIRECTION

MASS AXIS SYSTEM (S) MASS X-C.G. Y-C.G.

X

Y

Z

Z-C.G.

i. 078183E+02 -4. 631814E-20 9. 482596E+00 I. li71g2E+01

I. 078!83E+02 -!. 477913E+00 1. 426473E-19 I. Ii7192E+01

i. 078183E+02 -!. 477913E+00 9. 483596E+00 -8. 020843E-20

I(S)

* 1.069722E+04 -3.438585E+03 I.C85055E+03 *

* -3.438585E+03 1.025771E':04 -3.955898E+02 * -

* 1.085055E÷03 -3.955898E+02 I.I13640E+04 *

I (Q)
* 6. 7855!!E+03 *

I. 402230E+04 *
* I.!28364E+0 z. *

Q

* -6.77706BE-01 7.350349E-01 2.09i590E-02 *

* 6.97628!E-01 6.516884E-01-2.976868E-01 *

* -2.324408E-01-1.871529E-01-9.544345E-01 *
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Table VI Design Limit Load NASTRAN Load Cases

Subcase ID Load Factor

X Y Z

0

0

0

0

20.6

20.6

-20.6

-20.6

19.6

-19.6

19.6

-19.6

21.2

-21.2

21.2

-21.2

20.6

20.6

-20.6

-20.6
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Section 5

RESULTS
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The design limit load results are summarized in Table I. High positive margins of safety are

evident at all major components. A minimum margin of 1.1 occurs at the machined baseplate. Appendix B

contains contour plots of the maximum principal stress for the eight load cases. In Figure B30, the baseplate

area at which the maximum principal stress of 14,244 psi occurs is shown. Also included in the appendix is

the analysis of the mounting hardware. A minimum ultimate margin of safety of 0.44 is calculated for the

#10 (. 190-32THD) mounting screw.

The normal modes analysis results are presented as deformed plots of the three lowest

modes. (Figures 11 thru 19). The first two modes of 91 and 93 Hz are compensator rotor bending modes.

The first major structural mode is shown in Figure 17. Mode is a 103.5 Hz bending mode of the baseplate

directly below the warmload. For the COI reflector, its first mode is a torsional mode of 122 Hz and is shown

in Figures 20 through 22.

The random vibration analysis is summarized in Table II. All major components have

positive margins of safety. The peak stress at each component is summarized in Table VII and the

NASTRAN XY-output summary for each input axis is included in Appendix C.

The lowest margin of safety occurs at the compensator rotor shaft, with a yield margin of

0.13. The RF shelf support side panel (Drawing 1333379) had a negative margin at its lower section (0.05

inch wall thickness). A refined model of the panel was made and analyzed for the peak accelerations at the

power control/monitor lump masses supported by the panel. This analysis is enclosed in Appendix C. The

results showed a wall thickness increase of 0.010 inch (total thickness of 0.060 inch) resulted in positive

margins which are listed in Table II.

The peak acceleration responses at points on the structure that correspond to accelerometer

test locations are summarized in Table VIII. The highest peak acceleration occurs at the main reflector and

has a magnitude 138 g for the Z axis input. XY plots for the input and four locations in table are shown in

Appendix C.

The peak rattlespace summary is shown in Table III. The maximum relative displacement

occurs at location B in Figure 7. An 0.001 inch margin is shown, based on the minimum gap between the

reflector and warmload. At the circuit cards, the maximum rattlespace closure is 0.002 inch versus a static

gap of 0.037 inch.

The peak axial forces occurring at the #10 mounting screws are summarized in Table IX. A

peak force of 1545 pounds occurs at the location shown in Figure 23. The resulting ultimate margin of

safety, based on A-286 steel (140,000 psi), is 0.28.
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Table VII

Qualification Level Random Vibration
Peak Stress Results
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Component

RF Shelf (1331086)

Front Panel (1331214)

Rear Panel (13312125)

Side Panel (1331217)

Side Panel (1331218)

Warmload Shelf (1331222)

Side Panel (1331245)

Side Panel (1333379)

End Panel (1333380)

Compensator Shaft (1333390)

Motor Output Shaft (1333654)

Compensator Housing (1333658)

Baseplate (1356968)

Circuit Cards

Card Cage (1331330)

Vib. axis

Z

Y

X

Y

X

Z

Y

X

Y

Y

Y

Z

Y

Y

Z

Element ID

2156

22745

3273

22840

22801

2627

20023

23544

2049

23181

2541

22962

22594

21783

21355

Applied Stress (1 sigma)
(psi)

Peak Stress (3 sigma)

(psi)

2,762

559

711

2,341

1,702

3,932

1,882

11,584

716

12,420

3,578

1,435

4,619

1,080

3,612

8,289

1,676

2,133

7,023

5,286

11,797

5,647

34,752

2,148

24,84O

10,734

4,306

13,857

3,240

10,837
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Table VHI

METSAT/AMSU-A2 Peak Accelerations
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Location

( ) - Grid Point ID

X Axis

X(9 ) Y(g) Z(g)

RF Enclosure (2086) 41.5 31.6 13.6

Front Motor Panel (92173) 51.6 37.5 28.4

Secondary Housing (2441) 91.6 46.6 15.8

Main Reflector (26206) 94.8 44.5 84.4

Y Axis Z Axis

X(g) y(g) Z(g) X(g) Y(g) Z(g)

38.9 35.9 12.4 45.3 25.6 49.1

50.8 42.9 7.8 57.9 32.9 53.8

59 38.6 17 117.8 41.9 40.8

30.2 84.9 71 87.9 96 137.8
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Table IX

Qualification Level Random Vibration

Peak Axial Force, Mounting Screws

Celas I Element

ID

22894

22895

22896

22897

22898

22899

22900

22901

22902

22903

22904

Random Vibration Axis

X

(lb.)

1425

240

855

1413

411

201

156

336

813

636

1257

Y

(lb.)

1545

270

861

1518

432

213

210

423

885

624

1284

Z

(lb.)

642

405

936

651

258

261

321

432

453

300

330
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\
Peak Axial Force

296-1135M

Figure 23 Mounting Screw Peak Force Location
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Section 6

CONCLUSION

The instrument has postive margins of safety for both design limit load and qualification
level random vibration environments. The change required to the structure because of negative margin at
the qualification level random vibration is to increase the wall thickness to 0.060 inch at the lower pockets

of the RF shelf support side panel; Drawing 1333379.
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COIREFLECTORMODEL
RENUMBEREDGRID POINTSAND ELEMENTS
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Appendix B

DESIGN LIMIT LOAD ANALYSIS
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BASE PLATE (DWG. NO. 1356968)

Report 10787
March 1996

Maximum principal stress occurs at rib beneath warmload area. From Figure B29,

TMAx = 14,244 psi

WuLT = 42,000 psi 6061-T651

M.S. = 42,000 - 1 = 1.__!1

1.4(14,244)

Restraint forces for all load cases are summarized in Table B1. The peak lateral forces at the
shear pins occur for load cases 6 and 8. The forces are depicted in the sketch below. The vector sum of the
component forces will be used to check bearing and shear tear-out failures at the holes.
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Table B1 Limit Load Analysis Load Case Restraint Forces

Load Case 1

22200 NODL

22458 NODL

22783 NODL

22784 NODL

22785 NODL

22786 NODL

22787 NODL

22788 NODL

22789 NCDL

22790 NCDL

22791 NODL

22792 NODL

22793 NODL

Load Case 5

A-CC_I _ Y-'ZOMP Z-'3OMP _DE EYS ;<-COHP

-315.804016 -972.077393 0.000000 22200 NODL -1837.645508

315.804016 -1214.266724 0.000000 22458 NODL -412.378601

0.000000 0.000000 -791.302612 22783 _ODL 0.000000

0,00000O 0.000000 -339.298448 22784 MODL 0.000000

0.000000 0.000000 -780.i13098 22785 NODL 0.000000

0.000000 0.000000 363.975789 22786 NODL 0.000000

0.000000 0.000000 54.186626 22787 NODL 0.000000

0.000000 0.000000 -48.137112 22788 NODL 0.000000

0.000000 0.000000 -165.165436 22789 NODL 0.000000

0.000000 0.G00OO0 -377.831604 22790 NCDL 0.O=COC0

0.000000 0.000000 315.570_01 22791 NODL 0.000000

0.000000 0.000000 327.213104 22792 NODL 0.000000

0.000000 0.000000 -639.310852 22793 NODL 0.000000

Y-CCHP

-710.611267

-1475.732788

0.000000

0.000000

0.000000

0.000000

0.000000

O.O00OO0

0.000000

0_300GOG

0000000

0.000000

0.000000

Z-COMP

O.000000

0.000000

-1382,704712

-39.195488

124,334702

1340,778320

389.398651

197.123123

-66.964996

-225.133_G9

913.136169

-18.651691

-1232.120728

Load Case 2

MODE SYS

22200 NODL

22458 NODL

22783 NODL

22784 NOSL

22785 NODL

22786 NODL

ZZ/8/ NODL

22788 NCDL

22789 NCDL

22790 NODL

22791 NODL

22792 NODL

12793 NODL

Load Case 6
X-C'31N_/_ Y-COM_ • Z-COMP NODE SY_ X-CCM/_

-327.158539 940.765259 0,000000 22200 NCDL 1194.682983

327.158539 -1245.578735 0.000000 22458 NODL 1055.341064

0.000000 0,000000 -274.964752 22783 NODL 0,000000

'3.000000 0.000000 -20.078049 22784 NODL 0.0OCOCO

0.000000 0.000000 -129.057281 22785 NODL 0.00O000

0.000000 0.000000 816.507690 22786 NODL 0.000000

0.000000 ',I.0000G0 272.2411t9 22787 NODL 0.000000

O.CO0000 0.O00000 209.337799 22788 NODL 0.0000_0

0.C00000 U.000000 156.726151 22789 NODL 0.000000

0.000000 0.000000 103.057945 22790 NODL 0.00Q000

0.000000 0.000000 624.448533 22791 NODL 0.000000

0.000000 0.000000 557.347168 22792 NOD1 0.000000

0.000000 0.0O0000 -235.353271 22793 NODL O.000000

Y-COMP

-1202.231445

-984.i12854

0.000000

0.000000

0.000000

0.000000

.0.000000

0.000000

0.000000

0.000000

0.000000

0.000000

O.O00000

Z-C_

0.$00000

0.000000

316.437531

-320.179047

-i_33.50524_

-160.294891

-62.970905

-35.922436

58.52_?11

-49.640453

26.881138

_a3211853

357.456665

Load Case 3

MODE S¥S

22200 NODL

22458 NODL

22783 NODL

22784 NODL

22785 NODL

22786 NODL

72787 NODL

22788 NODL

22789 NODL

22790 NODL

22791 NODL

22792 NODL

22793 NODL

Load Case 7

X-COMP Y-COMP Z-COMP NODE SYS X-COMP

327.158539 940.765259 0.000000 22200 NODL -i194.682983

-327.158539 1245.578735 0.000000 22458 NODL -I055.341064
0.000000 0.000000 274.964752 22783 NODL 0.000000

0.000000 0.000000 20.078049 22784 NCDL 0.000000

0,000000 0.000000 129.057281 22785 NODL 0.000000

O,O0000G 0.000000 -818.507690 22786 NODL 0.000000

0.000000 0.000000 -272.241119 22787 NODL 0.000000

O.OOO00O 3.000000 -209.337799 22788 NODL 0.000000

0.000000 0.000000 -15672_151 22789 NODL 0.000000

O.O0000G 3.000000 -103.057945 22790 NODL 0,000000

O.O000OO 0.000000 -624.446533 22791 NCDL O.O0000O

0.0O000O 0.000000 -557.347168 22792 NODL 0.000000

O.CO00OC 3.000000 235.353271 22793 NCDL 0.000000

Y-COMP

1202.231445

984.112854

0.000000

0.000000

_.000000

O.O000OU

0.000000

0.000000

_.000000

0.000000

0.000000

O.u00000

0.000000

Z-COMP

0.000000

0.000000

-316 437531

320.179047

1033.505249

160.294891

62. 97090_

35. 92243_

-58. 525711

49. 640450

-26.d81138

-903. 211853

-357.456665

Load Case

NODE SYS

22200 NODL

22458 NODL

:2783 NODL

12784 NODL

22"95 NODL

22786 :_L

229R7 NO_L

=27_8 X'DDL

22789 NODL

22790 5051

Z2791 NODL

22792 NODL

22793 NC_L

4 Load Case 8

X-COMP Y-CCMP :-COMP NODE SYS X-CON! _

315.804016 _2 37_393 0 000000 22200 NODL 1837.645508

-315.804016 1214.266724 O.OOO000 _2458 NCDL 412.278601

0.000000 0 O0000O "91,302612 22783 NODL 0.000000

O.000000 ,]._30000 339:96448 22784 NODL 0.0000CO

9.000e00 i _3000_ _@0:13098 22785 NODL 0.O00000

0000000 :3 030003 -363 9,5769 22786 NCDL 0.000000

3.000000 3 C0OO00 -54.186626 22787 NODL 0.000000

) O00C0,] ]3_GC, O 46 13711i 22788 NCC.L 0.300006

3.000000 9 030000 165.165436 22789 NODL C.000000

,9.000090 0 300000 37_ 831804 22790 NODL 0._00000

0.0o0000 0 000000 -315.570801 22791 NCDL 5300000

O.O00OO0 o.00OOOO -327.213104 22792 _,Z,D: :._0O000

J 000000 ,_ 0O0000 639 310852 22793 NCDL O._0000C

Y-COMI_

=I0.011Z67

1475.73278_

0.000000

0.000000

_.000000

0.000000

0.000000

0.0C0000

_.000000

0.000000

C.O00000

0.000GO0

]J0O000

Z-COMP

=.O!)0G00

_.300000

1382.704712

39.195488

-]24 334702

-ij4C.778320

-389.398651

-197.123123

66.964996

225.133209

-9!3.!36169

_ &51691

123_.120728

B-38



1202#

l Resultant = 1695#
.600

1195#

-
' ,, ',- " ,% t _2._

it _ , \ z.uuu
, , __

' I '1 .I _p, " . N
J.. I ' vw #^'.%, 10 400
'r' II I L " _/'._._,_ " . _. ",

:, i' "oi ,\
II

ii I

-- -- II _L . _" o

0t r -- 1-- -- --_ _--_ ° _'.- - -.-oF .- - _°_.:" :'_ _ _ _. _ °
I "w

il I Ite I II
H

II

II

II

U

L

r

5.100 --_ !

_-- e.soo ----_
I" 10.500

_

7.003

T---J I
.660

BEARING

T= F
Dt

T = 169_ = 7579 psi
0.5964(.375)

M.S. = 671000 -1 -- 5.31
1.4(7579)

412# I 1476#

Hole Dimensions

_2

Baseplale Thick - 0.375"

Material: 6061 - T651

Tbr u = 67,000 psi

Tsu = 27,000 psi

Resultant = 1532#

296-3036M
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TEAR-OUT

1695#

296-3037M

Tul t = 27,000 psi

M.S.= 27.000 -1
1.4(8464)

= 1.28

Assuming Max. Shear
Stress Occurs At 45"
To Center Line:

T= _
2_ s t

T = !695
2(.267) (.375)

= 8464 psi

Report 10787
March 1996

DOWEL PIN (D22 - 750)

Material: 416 Stainless Steal

Ttu = 170,000 psi

Tsu = .6(170,000) = 102,000 psi

T = FR = 1695
A 1.375)2

4

15,348 psi

M.S. = 102,000 -1 = 3.7.__._.55
1.4(15,348)
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INTERFACE ATTACHMENT SCREWS

Screw Size: 0.190 - 32THD (#10)

Material: A-286 Low Alloy Steel

Tult = 140,000 psi

Maximum Tensile And Compressive Force

At A SPC Occurs For Load Cases

5 And 8 At Grid Point 22783

For Screw: AT = 0.01985 in2

TT = 1383 = 69,673psi
0.01985

M.S.= 140,000 -1 = 0.44
1.4 (69,673)

For Isolator Spacer (1333395 - 6):

A =_ (.5912 - .2212 )
4

= .236 in2

Tc = 1383 = 5860psi
.236

G10 Fiber Glass, Tul t = 60,000 psi

M.S.- 60,000 -1 = 6.3
1.4 (5860)

296-3050M
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Appendix C

RANDOM VIBRATION NASTRAN OUTPUT





Report10787
March 1996

Natural Frequency Output
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RF SHELF SUPPORT, SIDE PANEL (DWG 1333379)

A peak stress of 34,752 psi (Table VII) was found at element 23544 for the X axis random

vibration direction. This stress level results in a negative yield margin of safety of 0.17. The stress is caused
by the lump masses that represent the power control/monitor assembly. The peak acceleration experience at
grid point 23617 is 221 g.

The position of the assembly assumed for the analysis is shown in Figure C1. The current
position selected by Design Engineering is shown in Figure C2. To analyze this new position, a refined
model of the panel was created. Figure C3 shows element mesh generated. The locations of the new
mounting holes are shown in Figure C4.

To analyze this new model, the peak accelerations and lump mass values were used to

calculate grid point forces at the new mounting locations. The resulting forces are shown in Figure C5. The
analysis was performed using the MSC/NASTRAN static solution.

The resulting stress contour plots for the maximum principal stress are shown in Figures C6

and C7. The wall thickness in the pockets was the original 0.050 inch. A peak stress of 29,592 psi is shown
at the left-hand pocket. The yield margin of safety is a negative 0.03. This is smaller than the random

vibration result, but still is negative. The wall thickness at the three pockets which show peak stresses was
increased 0.060 inch. The resulting stress contour plots for this change are shown in Figures C8 and C9.
The maximum principal stress decreased to 21,225 psi. The yield margin of safety is a positive 0.36. This
result is posted in Table II of the results section of the report.

0.060 inch.
This panel will be manufactured with all four lower pocket wall thicknesses increased to
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Figure C1 Power Control/Monitor Assembly Position Used in Analysis
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Figure C2 Actual Position, Power C/M Assembly
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Figure C4 Power Control/Monitor Assembly Mounting Holes
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